SCIENTIFIC 

REPORTS 




OPEN 



SUBJECT AREAS: 
PRE-CLINICAL STUDIES 
PROTEASES 
BIOCHEMICAL ASSAYS 
BIOPHYSICAL CHEMISTRY 



Received 
19 November 2013 

Accepted 
8 January 2014 

Published 
27 January 2014 



Correspondence and 
requests for materials 
should be addressed to 
Z.X.S. (zxshao@yeah. 

net) 



Effects of storage time and temperature 
on coagulation tests and factors in fresh 
plasma 



Limin Feng', Ying Zhao', Hongcon Zhoo^ &Zhexin Shoo^ 



'Department of Laboratory Medicine, The First Affiliated Hospital, College of Medicine, Zhejiang University, Hangzhou 3 1 0003, 
China, ^Department of Laboratory Medicine, The First People's Hospital of Hangzhou, Hangzhou 3 1 0003, China, '^Department of 
Hospital Office, The First Affiliated Hospital, College of Medicine, Zhejiang University, Hangzhou 3 1 0003, China. 

Coagulation tests and factors measurements have been widely applied in clinical practice. Pre-analytical 
conditions are very important in laboratory assessment.Here,we aim to determine the effects of storage time 
and temperature on activated partial thromboplastin time (APTT), fibrinogen (Fbg), prothrombin time 
(PT), the international normalized ratio (INR), thrombin time (TT), factor VIII activity (FVIII:C), and 
factor IX activity (FIX:C) in fresh plasma. Seventy-two blood samples were tested after storage for 0 
(baseline), 2, 4, 6, 8, 12, and 24 h at 25°C (room temperature) and 4°C (refrigeration) in two centers. The 
mean percentage change of greater than 10% and the numbers of samples with greater than 10% percentage 
changes more than 25% were used to determine clinically relevant difference. We demonstrated that samples 
for Fbg, PT/INR, and TT could be safely stored for <24 h; FVIILC for <2 h; FIX:C for <4 h both at 4°C 
and 25°C; and APTT for <12 h at 4°C and <8 h at 25°C. 



Pre-analytical conditions are very important in laboratory assessment of hemostatic and coagulation sys- 
tems'. Pre-analytical variables including specimen collection, anticoagulant type and concentration, hema- 
tocrit, filling status of the sampling tube, transportation, centrifugation, as well as storage and assay method 
can all affect coagulation test and factor analysis results'''. Activated partial thromboplastin time (APTT), 
fibrinogen (Fbg), prothrombin time (PT), international normalized ratio (INR, transformed by PT), and throm- 
bin time (TT) measurements are routine coagulation tests used to assess pathological alterations of hemostatic 
and coagulation systems to guide clinical therapy^. In addition, the PT/INR ratio is used to monitor oral 
anticoagulant therapy for reducing the risk of thromboembolic events and minimizing the incidence of bleeding 
complications^. Coagulation factor VIII (FVIII) and factor IX (FIX) play a major role in the endogenous and 
exogenous thrombin pathways, are used to diagnose hemophilia, are often associated with chronic liver disease, 
act as risk factors for thrombosis, and are used as quality markers of fresh-frozen plasma (FFP) and cryopreci- 
pitate'•''"^ After blood is collected, factor VIII activity (FVIILC) and factor IX activity (FIX:C) are gradually 
reduced; thus, different storage temperatures and durations affect coagulation test results'' For these pre- 
analytical variables, the Clinical and Laboratory Standards Institute (CLSI) H21-A5 has recommended that 
specimens should be analyzed within 24 h for PT and 4 h for APTT and other assays if stored at room temper- 
ature (25^C). However, they have not recommended a storage time for refrigerated storage (2-8°C)'. 

Many studies have suggested acceptable storage temperatures and times for routine coagulation tests" '"". In 
addition, although the influences of storage time and temperature on FVIIIiC and FIX:C in FFP have been 
reported'', the stability of factor activities in fresh plasma without processing or the addition of stabilizer has 
not been evaluated systematically. Numerous patients with hematological diseases and liver diseases are admitted 
to one of two comprehensive hospitals located in Hangzhou, China. Therefore, timely and accurate coagulation 
tests and factor detection in fresh plasma samples are very important to diagnose and treat hemophilia and to 
monitor oral anticoagulant therapy, chronic liver disease, and thrombotic disease. The large number of specimens 
received can lead to delays in sample testing in the clinical laboratory. Thus, the aims of this study were to 
investigate whether storage temperature and time influence the results of routine coagulation tests and factor 
analysis, and whether any changes caused by delayed analyses result in a clinically relevant difference, as well as to 
establish our own acceptable storage temperature and time guidelines. In our study, we determined the values of 
APTT, Fbg, PT/INR, TT, FVIILC, and FIX:C in samples stored for 0, 2, 4, 6, 8, 12, and 24 h at 25°C and 4°C, 
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respectively. Two laboratories with the same analysis system of a 
Sysmex CA7000 instrument (Sysmex, Kobe, Japan) and Siemens 
reagents (Siemens, Marburg, Germany) participated in the study. 

Results 

Between- and within-batch imprecision. Between- and within- 
batch imprecision of coagulation tests and factors were all 
consistent with the manufacturer's product information. Within- 
and between-batch imprecision were <3% and 10%, respectively. 

Stability studies. Table 1 lists the results and statistical differences of 
the coagulation tests and factor activities of the plasma samples 
stored for 2, 4, 6, 8, 12, and 24 h after collection at 25°C and 4°C, 
compared with the baseline results. Table 2 shows the stability of 
PT/INR, APTT, Fbg, TT, FVIILC, and FIX:C when the samples were 
stored under these conditions. 

The mean percentage changes in the values of Fbg, PT/INR, and 
TT were all less than 10%, and the mean percentage changes in the 
values of APTT following sample storage for 2, 4, 6, 8, and 12 h at 4°C 
and 2, 4, 6, and 8 h at 25°C were all less than 10%, compared to the 
baseline values. However, the mean percentage changes of FVIIIiC 
and FIX:C all exceeded 10%, except FVIILC storage for 2 h at 25°C 
and 4°C; FIX:C storage for 2, 4, 6, and 8 h at 4°C; and FIX:C storage 
for 2, 4, and 6 h at 25°C. Table 2 shows that the numbers of samples 
with percentage changes greater than 10% for APTT, Fbg, PT/INR, 
and TT determination were all less than 25% of the samples after 
storage for 2, 4, 6, 8, 12, and 24 h at 25°C and 4°C, except for APTT 
determination for samples stored for 12 h at 25°C, and 24 h at 4°C 
and 25°C. In the cases of FVIIIiC and FIX:C, the number of samples 
with a percentage change greater than 10% for FVIIIiC was less than 
25% of the samples only after storage for 2 h, and for FIX:C it was 
after storage for 2 h and 4 h. Furthermore, Figure 1 shows the trend 
of mean percentage changes of FVIILC and FIX:C in samples stored 
for 2, 4, 6, 8, 12, and 24 h at 25°C and 4°C. With extended storage 
time, at both 25°C and 4°C, FVIIIiC and FIXiC were reduced signifi- 
cantly; FVIIIiC was even reduced to as low as 49.13% of the baseline 
value after storage for 24 h at 25°C; meanwhile, FIXiC was reduced to 
15.59%. 

Discussion 

Coagulation tests and factors measurements have been widely 
applied in clinical practice; therefore, it is necessary to evaluate the 
effects of temperature and time from collection on the outcome of 
these results. Our multicenter study investigated the effects of split 
tube storage for 2, 4, 6, 8, 12, and 24 h at 25°C and 4°C. Of note, this 



study was the first to investigate the stability of FVIIIiC and FIXiC at 
25^C and 4"C in fresh plasma. Although many domestic and foreign 
scholars have studied the effects of pre-analytical variables on coagu- 
lation test analysis, no studies have described the stability of FVIIIiC 
and FIXiC at 25°C and 4°C. A summary of these studies is listed in 
Table s^.s.if.i^.is.is-iy Nonetheless, there are no unified guidelines for 
clinically acceptable bias. Some scholars have suggested the use of 
mean percentage change to evaluate the stability of coagulation tests 
and factor determination and have considered a mean percentage 
change of less than 10% to be clinically relevant'^ Moreover, van 
Geest-Daalderop et al. proposed that if the number of individuals 
with a greater than 10% percentage change was less than 25% of the 
total sample number, the effect should be termed moderate and 
clinically relevant'"'. However, Ziircher'" suggested that the impre- 
cision may have a greater impact on the results than the changes in 
stability studies. In this study, to minimize analytical performance 
variability, we utilized a single assay kit batch for all analyses. We 
demonstrated satisfactory within- and between-batch imprecision. 
Thus, using these two methods, clinically important changes in indi- 
vidual and overall samples might be found. 

In our study, although significant differences (shown in Table 1) 
were observed, some biases were still within an acceptable interval. 
For example, the results of Fbg, PT/INR, and TT determination were 
clinically relevant after storage for up to 24 h at 4°C and 25°C; while 
APTT could be stored for up to 12 h at 4°C and 8 h at 25°C. Of note, 
the acceptable time interval for APTT determination was longer than 
recommended in the CLSI H21-A5 guidelines. In contrast, the stud- 
ies of Wang X et al.** and Wang BL et al.'^ have shown that the 
acceptable time intervals for PT and APTT determination are shorter 
than those recommended in the guidelines. Other studies have sug- 
gested that acceptable time intervals for coagulation tests can be 
extended'''""''^. Kemkes-Matthes et al.'"* have reported that PT, 
APTT, Fbg, TT, AT, and D-dimer can be reliably tested after storage 
for 8 h at room temperature and that the acceptable time interval can 
easily be extended to 24 h for PT, TT, and D-dimer determination, 
van Geest-Daalderop et al." have reported that the acceptable time 
interval for PT/INR determination is 6 h at 4-6°C, 25°C, and 37°C. 
Moreover, Oddoze et al."" have reported that the acceptable time 
interval for APTT determination is 6 h at 4°C and 25°C. In addition, 
Rao et al." have reported that plasma and whole blood samples can 
be tested for PT for up to 24 h and APTT for up to 12 h, when 
transported either at room temperature or at 4°C. 

Although many studies have analyzed the stability of coagulation 
factor activity in FFP''""^', very few studies have analyzed fresh plasma. 
In our study, the acceptable time interval for FIXiC determination was 



Table 1 | The results of PT/INR, APTT, Fbg, TT, FVIIhC, and FIX:C measurements 





Baseline 


Temperature 


2h 


4h 


6h 


f 


3h 


12h 


24 h 


PT(s) 


1 1.9 ± 


2.7 


4°C 


1 1.6 ± 2.6* 


11.6± 


2.5* 


1 1.7 ± 2.5* 


1 1.7 


± 2.5* 


11.9 ± 2.5* 


12.7 


± 2.9* 








25°C 


1 1.5 ± 2.6* 


11.4± 


2.5* 


1 1.4 ± 2.4* 


1 1.3 


± 2.4* 


11.4 ± 2.3* 


12.8 


± 3.0* 


INR 


1.08 ± 


0.25 


4°C 


1.05 ± 0.23* 


1.05 ± 


0.23* 


1.06 ± 0.22* 


1.06 


± 0.23* 


1.08 ± 0.23* 


1.15 


± 0.26* 








25°C 


1.05 ± 0.23* 


1.04 ± 


0.22* 


1.03 ±0.21* 


1.03 


± 0.21* 


1.04 ±0.21* 


1.16 


± 0.27* 


APTT (s) 


28.3 ± 


5.8 


4°C 


28.4 ± 6.0 


29.1 ± 


6.3* 


29.7 ± 6.6* 


29.7 


± 6.2* 


30.7 ± 6.7* 


33.4 


± 7.9* 








25=C 


28.2 ± 5.9 


28.8 ± 


6.1* 


29.5 ± 6.3* 


30.2 


± 6.4* 


32.0 ± 6.7* 


34.2 


± 7.6* 


n(s) 


17.4 ± 


0.79 


4°C 


17.3 ± 0.8* 


17.2 ± 


0.8* 


17.2 ± 0.8* 


17.1 


± 0.8* 


17.2 ± 0.8* 


17.5 


± 0.8* 








25 °C 


17.4 ± 0.8* 


17.3 ± 


0.8* 


17.2 ± 0.8* 


17.3 


± 0.8* 


17.2 ± 0.8* 


17.8 


± 0.9* 


Fbg (g/L) 


2.74 ± 


0.81 


4°C 


2.79 ± 0.85* 


2.82 ± 


0.85* 


2.79 ± 0.83* 


2.82 


± 0.84* 


2.79 ± 0.84* 


2.81 


± 0.83* 






25=C 


2.76 ± 0.83* 


2.78 ± 


0.83* 


2.77 ± 0.83* 


2.79 


± 0.83* 


2.78 ± 0.85* 


2.77 


± 0.82 


FVIIIiC (%) 


141.8 ± 


42.2 


4 C 


132.1 ± 40.0* 


121.1 ± 


36.9* 


1 12.6 ± 35.3* 


109.6 


±37.1* 


101.2 ± 33.8* 


79.4 


± 25.7* 






25 C 


133.4 ±41.0* 


121.1 ± 


37.0* 


108.5 ±34.1* 


98.9 


± 33.3* 


83.5 ± 28.7* 


72.4 


± 22.9* 


FIXiC (%) 


101.1 ± 


22.7 


4=C 


97.4 ±21.2 


94.4 ± 


20.5* 


91.8 ± 19.4* 


91.9 


± 20.4* 


89.1 ± 20.0* 


87.4 


± 17.8* 






25'C 


98.0 ± 22.0* 


94.3 ± 


20.4* 


91.1 ± 19.5* 


89.6 


± 19.2* 


85.2 ± 17.7* 


84.8 


± 16.6* 



*, p < 0.05 compared with baseline results. 

Abbreviations: APTT, activated partial thromboplastin time; Fbg, fibrinogen; PT, prothrombin time; INR, the international normalized ratio; TT, thrombin time; FVIIhC, factor VIII activity; and FIX:C, factor IX 
activity. 
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Table 2 | The stabilities of PT/INR, APTT, Fbg, TT, FVIIliC, and FIX:C 



Mean percentage change (%) 





























Acceptable 




2 h 




4 h 




6 h 




8 


h 


12h 


24 h 




Time (h) 




4C 


25 C 


4C 


25 C 


4°C 


25'C 


4'C 


25'C 


4°C 


25°C 


4 C 


25'C 


4'C 25°C 


PT(sl 


-2.66 - 


-3.29 


-2.69 


-4.20 


-2.08 


-4.62 


-2.06 


-4.90 


-0.37 


-3.80 


6.58 


5.97 


24 24 


INR 


-2.63 - 


-3.26 


-2.66 


-4.16 


-2.06 


-4.58 


-2.04 


-4.85 


-0.36 


-3.65 


6.51 


6.81 


24 24 


APTT (s) 


0.13 - 


-0.43 


2.71 


1.48 


4.59 


3.98 


4.82 


6.56 


8.01 


12.92* 


17.46* 


20.4* 


12 8 


n(s) 


-0.51 - 


-0.26 


-1.23 


-0.85 


-1.11 


-0.93 


-1.84 


-0.79 


-1.29 


-1.25 


0.31 


2.09 


24 24 


Fbg (g/L) 


1.43 


0.67 


2.56 


1.24 


1.85 


0.86 


2.56 


1.71 


1.68 


1.25 


2.34 


0.86 


24 24 


FVIIhC (%) 


-6.98 - 


-6.09 


-14.72* - 


14.63* 


-20.82* - 


23.71* 


-23.05* 


-30.72* 


-29.13* - 


41.62* 


-44.30* - 


49.13* 


2 2 


FIX:C (%) 


-3.58 - 


-3.07 


-6.43 


-6.58 


-8.91* 


-9.67* 


-8.76* 


-1 1.08* 


-1 1.63* - 


15.32* 


-13.17* - 


15.59* 


4 4 



*indicates that changes > 1 0% in individual samples occurred in >25% of samples. 



4 h at 4°C and 25"C; while for FVIILC determination, the only 
acceptable storage condition was 2 h at 4°C and 25°C. The time 
interval for FVIII:C determination was shorter, and that for FIX:C 
determination was consistent, when compared with the recom- 
mended times in the CLSI H21-A5 guidelines. The determination 
of coagulation FVIILC and FIX:C were used to diagnose congenital 
or acquired factor deficiency states, distinguish dysproteinemias and 
protein synthesis disorders, and monitor substitution therapy with 
FVIII and FIX concentrates in hemophilia A or B''"'''"'^^'^'. 
Furthermore, the determination of FIX was also important for the 
diagnosis of consumption coagulopathy and hepatic cirrhosis^'^''. 
Thus, the true activity determination of FVIII and FIX in the 
patient's plasma was valuable in clinical applications. In Figure 1, 
we found that FVIILC and FIX:C were reduced significantly with 
extended storage time. To avoid FVIIFC and FIX:C becoming lower 
than the true activity, we carried out a multicenter study, initially 
reviewed the stability of FVIILC and FIX:C determination at 25°C 
and 4°C, and put forward reliable results for clinical diagnosis and 
treatment. Cardigan et al.^'' showed that storage of whole blood at 
room temperature for 8 h resulted in a 23% loss of FVIILC. Thus, the 
results of FVIILC determination at 25°C in our study were similar to 
those presented by Cardigan et al.'''', and the results of FIX:C deter- 
mination were shorter than those presented in that same study^''. 

Our multicenter study has some limitations. First, the study was 
based on asymptomatic individuals. Second, we used only one type of 



reagent, instrument, and collection container. Our conclusions can 
perhaps be corroborated by further study based on different study 
populations, reagents, instruments, and collection containers. 

In conclusion, our results demonstrated that plasma samples 
tested for Fbg, PT/INR, and TT determination could be safely stored 
for up to 24 h both at 4°C and 25°C; those tested for APTT mea- 
surement could be safely stored for 12 h at 4"C and 8 h at 25°C; those 
tested for FIX:C measurement could be safely stored for 4 h at 4°C 
and 25"C; and those tested for FVIILC could be safely stored for only 
2 h at 4°C and 25°C, suggesting that FVIILC should be immediately 
measured within 2 h after collection in our laboratory. Thus, clinical 
samples should only be stored for these time frames prior to testing. 

Methods 

Participating centers. The study was carried out in two laboratories, including the 
First Affiliated Hospital of Zhejiang University (Center 1) and The First People's 
Hospital of Hangzhou (Center 2). Both Centers, 1 and 2, used the same blood 
collection system (Becton Dickinson, Franklin Lakes, USA), Sysmex CA7000 system 
(Sysmex, Kobe, Japan), Siemens reagents (Siemens, Marburg, Germany), and 
International Sensitivity Index (ISI, ISI — 0.99). 

Sample size. Sample size estimates were calculated using a post hoc power of analysis 
with two size effects (0.8/0.9) and alpha levels (0.05/0.1). A sample size of 72 patients 
(36 per group) was appropriate. 

Patients. The study involved 36 asymptomatic individuals who visited the First 
Affiliated Hospital of Zhejiang University (Center 1) and 36 asymptomatic 
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Figure 1 | Mean percentage change of FVIILC and FIX:C for plasma samples stored at 25°C and 4°C for 2, 4, 6, 8, 12, and 24 h. 
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Table 3 | The optimal storage conditions of coagulation tests and factors in fresh plasma 



Reference 


Temperature 


PT 


INR 


APTT 


Fbg 


TT 


FVIIhC 


FIX:C 


7hnn fat nl t^l 


4°C 


24 h 




8 h 


24 h 


24 h 








25°C 


24 h 




8 h 


24 h 


24 h 






Wnnn pt nl l**! 


4°C 


6 h 




6 h 












25°C 


4 h 




4 h 










Snnhir pt nl 1'°! 


4'C 






2 h 












25'C 


4 h 




2 h 












4"C 


6 h 


6 h 














25"C 


6 h 


6 h 












Kemkes-Matthes etal.l'^' 


4'C 






- 


- 


- 


- 


- 




25'C 


24 h 




8 h 


8 h 


24 h 






Wangetal.l'^1 


4C 


















25"C 


8 h 




6 h 


8 h 


8 h 






Oddoze etal.t"^! 


4'C 






6 h 












25 C 






6 h 










Rao etal.t'^ 


4"C 


24 h 




12 h 












25'C 


24 h 




12 h 











individuals who visited the First People's Hospital of Hangzhou (Center 2) for 
physical examination in September 2013. The patients of Center 1 included 18 men 
and 18 women, with a median age of 44 years old (range, 19-75 years old); the patients 
of Center 2 included 18 men and 18 women, with a median age of 45 years old (range, 
21-78 years old). 

Ethics statement. This study was approved by the Ethics Committees of the First 
Affiliated Hospital of Zhejiang University and The First People's Hospital of 
Hangzhou, China. Patients provided written informed consent for their samples to be 
used in the study. 

Assays. Venipunctures were performed in the morning following a 12-h fast. From 
each patient, a 5.4-ml venous whole blood sample was collected into a tube containing 
0.109 M sodium citrate as an anticoagulant (Becton Dickinson, Franklin Lakes, USA) 
at a blood to anticoagulant ratio of 9 : 1. The 72 samples were centrifuged (10 min, 
3000 g) to obtain fresh plasma without platelets and cells, and each sample was 
divided into 13 Eppendorf tubes and capped. The Eppendorf tubes used for the 
aliquots were composed of a nonactivating plastic. One split tube was tested 
immediately, which served as the baseline (0 h) results, while the remaining 12 split 
tubes were tested, respectively, after storage for 2, 4, 6, 8, 1 2, and 24 h at 25 C and 4 'C. 

In Centers 1 and 2, the plasma samples were tested by a coagulation method for 
APTT, PT/INR, TT, Fbg, FVI1I:C, and F1X:C using a Sysmex CA7000 system 
(Sysmex, Kobe, Japan) and Siemens reagents (Siemens, Marburg, Germany): Dade 
Actin activated cephaloplastin reagent (lot 547713), Dade Thrombin reagent (lot 
538065), Thromborel S (lot 545515), Test Thrombin reagent (lot 42780), Coagulation 
factor Vlll-deficient plasma (lot 546576), and Coagulation factor IX-deficient plasma 
(lot 500870B), respectively. In addition, INR was transformed by PT according to the 
formula: INR — (PT/mean normal prothrombin time)^^^ The compositions of 
Siemens reagents were liquid rabbit brain cephalin with plasma activator, lyophUized 
bovine thrombin, lyophUized human placental thromboplastin, lyophilized human 
bovine thrombin and bovine albumin, and lyophilized human plasma with a residual 
FVIIEC and FIX:C of <1% for use in the determination of APTT, Fbg, PT, TT, 
FVIIEC, and FIX:C. The results were expressed in s (PT, APTT, and TT), g/1 (Fbg 
level), and % (FVIIFC and FIX:C). 

Two mixed pools having normal and abnormal target results were prepared from 
fi-eshly collected plasma and were used to measure APTT, Fbg, PT, TT, FVIILC, and 
FIX:C 20 times in 2 h to assess within-batch imprecision. Commercial quality control 
products (SIEMENS) with target results in normal/abnormal ranges were used to 
measure APTT, Fbg, PT, TT, FVIIEC, and FIX:C on 20 separate days to calculate 
between-batch imprecision. The manufacturer's product information for the assays 
claims that between- and within-batch imprecision should be <15% and <5%, 
respectively, for PT, APTT, Fbg, and TT; between-batch imprecision should be < 10% 
for FVIILC and FIX:C; and within-batch imprecision should be <10% (normal) and 
<3% (abnormal) for FVIILC and FIX:C, respectively. 

Statistical analyses. The coagulation test and factor activity results were reported as 
mean ± standard deviation. The results following storage for 2, 4, 6, 8, 12, and 24 h at 
25''C and 4''C were compared with the baseline results by using paired t-tests. To 
assess the stability of the coagulation tests and factor activities, the percentage changes 
compared to the baseline results were calculated [(result at storage time X - result at 
baseline)/result at baseline] and averaged for each time point^-'^"^*. According to the 
study by van Geest-Daalderop et al., a clinically relevant difference was defined as a 
mean percentage change of greater than 10%. If the number of individuals with a 
greater than 10% percentage change was less than 25% of the total sample number 
(i.e., 18 in our study), the effect of the given pre -analytical variable was termed 
moderate, whereas if more than 25% of the samples had a greater than 10% change. 



the effect was deemed large^^. P values < 0.05 were considered statistically significant. 
Statistical analyses were performed using SPSS software, version 16. 
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